Rationale, aims and objectives Diabetes mellitus is associated with significant morbidity, mortality, and escalating health care costs. Research has consistently demonstrated the importance of glycaemic control in delaying the onset, and decreasing the incidence, of both the short-term and long-term complications of diabetes. Although glycaemic control is difficult to achieve and challenging to maintain, it is key to reducing negative disease outcomes.
neuropathy) and macrovascular (eg heart disease). 4, 5 Uncertainty does remain around the extrapolation of population-based risk reduction estimations to individual predictions, 6 where evidence relating to glycaemic control and long-term outcomes have been established through large prospective cohorts. Further, tight glycaemic control can result in harmful effects, for example an increase in hypoglycaemic events. 7 In addition to a global guideline on diabetes management, 8 evidence-based guidelines exist across many countries on the treatment of type 2 diabetes (eg, in another reference 2 ) with a consistent focus on patient education, dietary advice, managing cardiovascular risk, managing blood glucose levels, and managing the risk of long-term complications. Optimal management, however, is only thought to be reaching the minority 8 with reasons such as the size and complexity of the evidence base, the complexity of diabetes care itself, a lack of proven cost-effective resources for diabetes care, and diversity in standards of clinical practice cited as driving disparities in clinical care.
The evidence on interventions to support self-management for people with long-term conditions is large and attempts to draw together individual study findings to clarify what works, for whom, and in what contexts are available (eg, in the work of Taylor et al 9 ).
Interventions directly related to improving the self-management of glycaemic control can be broadly categorised into individual and group-based interventions, educational and behavioural interventions, with fewer interventions combining the latter 2 elements. 10 A review of all self-management programmes or multicomponent interventions aimed at self-management; education, both group based and individual; behavioural or counselling interventions; and social support for people living with type 2 diabetes 9 reported good evidence that selfmanagement support improves blood glucose control in the shortterm, with a reduction in mean difference of around 0.4%. The effectiveness of interventions longer term was not as strong, although this was attributed to fewer studies reporting data at 12 months and beyond. The impact of self-management interventions on individuals' quality of life and their psychological well-being was not supported, although equally, interventions did not have a detrimental effect. The meta-review was not able to pin point effective elements across interventions, instead suggesting that self-management support may be delivered in many ways, by different professionals and lay people, and that in light of the large number of randomised controlled trials and reviews included within the meta-review the failure to reach any conclusion on the optimal model of delivery could reflect that there is no one way. 9 The authors suggest that multiple models of delivery may be equally effective, and consideration may instead need to be given to other factors that may influence effectiveness, such as the real-world context. were used including radio advertisements, adverts in community newsletters, and newspapers and letters sent to patients who met the study criteria through medical centres, across 1 city in New Zealand. Those people who contacted the research assistant as interested in participation were sent a study information sheet, a consent to be contacted form, and a stamp addressed envelope. All those who returned a consent to be contacted form were called by the research assistant to confirm inclusion eligibility, and written consent was gained to participate in the study and for the research assistant to contact the medical centre at which they were registered to obtain HbA 1c results.
Permuted block randomisation using a computer-generated randomisation sequence with a block size of 24 allowed for timely randomisation of participants, where recruitment took place across a 12-month period. A biostatistician completed the randomised allocation. The biostatistician was independent from all other study procedures. The biostatistician sent information on the allocation to the research assistant. Data were collected at baseline, 3 months following baseline and 6 months following baseline. All study questionnaires were sent by post together with a prepaid envelope for return.
| Description of the interventions
The decision to run the intervention on 1 day was pragmatic. The intention was to make the intervention as cost effective and convenient as possible for participants and looking to the future, for providers who may wish to take up the intervention in practice.
Both workshops consisted of a 1 day workshop held at a central with a small group of volunteers who were diagnosed with type 2 diabetes but who had experienced hyperglycaemia for just less than 1 year and so did not fully meet the study criteria. Feedback on the content and delivery from the participants and the nurses were incorporated.
Changes were minimal and related to using 1 diagram over another, for example, rather than changes to the topics covered.
| The education intervention
The education intervention sessions were run by 2 primary health care
based nurses who were trained in the delivery of the intervention by 2 of the study investigators. The education intervention covered the topics of the basic pathophysiology of diabetes, understanding diabetes and glucose, understanding the risk factors and complications associated with diabetes, food groups, portion sizes, self-management of diabetes through diet, exercise, medication, and stress management, monitoring diabetes, including awareness of hypo and hyperglycaemia, and when to seek help. Underpinning the content were the themes of increasing understanding, how to take control and planning for the future. The intended changes related to increasing understanding of diabetes, satisfaction with diabetes management, an increase in selfmanagement activities, and maintenance or improvement of mental health, as measured through anxiety and depression.
| The education plus ACT intervention
In the education plus ACT intervention, time was divided equally between the education intervention and the ACT intervention to maintain the same amount of contact time between participants and the nurses. Participants received the same content in education but did not have the opportunity to discuss the material in as much depth as the education only group nor spend as much time on self-directed exercises in the handbook during the workshop. The ACT component addressed mindfulness and acceptance training in relation to difficult thoughts and feelings about diabetes, exploration of personal values related to diabetes, and a focus on the ability to act in a valued direction while contacting difficult experiences. The ACT component drew on material developed in a previous study. 13 The workshop was led by a mental health nurse with expertise in ACT who received supervision from a clinical psychologist. The education component was delivered by one of the nurses providing the education intervention.
The intended changes related to increased acceptance of diabetesrelated thoughts and feelings and a reduction in the extent to which thoughts and feelings interfere with valued action, increase in understanding of diabetes, satisfaction with diabetes management, an increase in self-management activities, and maintenance or improvement of mental health, as measured through anxiety and depression.
| Fidelity
The fidelity of the intervention was enhanced through the development of a manual for both interventions; all sessions were recorded and reviewed by LW and JC for adherence to the protocol and manuals, and 1 nurse participated in all of the intervention sessions to enhance continuity of style and content of the sessions.
| Control group
The control groups were mailed the questionnaires at the same time 
| Outcome measures
The primary outcome variable was glycaemic control (HbA 1c ). The secondary outcome variables were acceptance of diabetes-related thoughts and feelings and extent to which thoughts and feelings interfere with valued action, increase in understanding of diabetes, satisfaction with diabetes management, an increase in self-management activities, and maintenance or improvement of mental health, as measured through anxiety and depression. The questionnaires were self-administered. They were sent to the participant's postal address and returned in a stamp addressed envelope. The pack contained information on who to contact if assistance was required (the research assistant), however, no one made contact for support to complete the questionnaires.
| Glycaemic control

| Acceptance of diabetes
The Acceptance and Action Diabetes Questionnaire (AADQ) 13 is an 11
item Likert type scale to measure acceptance of diabetes-related thoughts and feelings and the extent to which they interfere with 
| Anxiety and depression
Anxiety and depression were measured through the Hospital Anxiety and Depression Scale (HADS). 16 The HADS has been used extensively in research and has been shown to have good validity, specificity and sensitivity, 17 and good test-retest reliability. 18 Although the HADS is a screening tool, it correlates well with clinical assessments of anxiety and depression. A score is generated for anxiety and depression, both ranging from 0 to 21 with a score of 0-7 indicating subclinical symptoms, 8-10 possible clinical levels and a score of 11 or over probable clinical levels.
| Understanding of the management of diabetes
Understanding of the management of diabetes was assessed by a subscale of the Diabetes Care Profile (Cronbach α = .60-.95). 19 The Diabetes Care Profile comprises 14 subscales in total. The understanding subscale comprises 10 items and explores understanding of key aspects of the management of diabetes, eg, "How do you rate your understanding of diet and blood sugar control?" Reliability was explored in 2 large studies, a community study (n = 440) and medical centre study (n = 352). Reliabilities (Cronbach alpha) of the understanding subscale were reported as .92 and .92 respectively. 19 Scores range from 10 to 50, with a higher score indicating better self-rated understanding of diabetes.
| Diabetes treatment satisfaction
The Diabetes Treatment Satisfaction Questionnaire (DTSQ) 20 was used to measure satisfaction with diabetes treatment. The 6 item scale assesses treatment satisfaction and 2 items assess perceived frequency of hyperglycaemia and hypoglycaemia. Ceiling effects have been noted with the DTSQ and the DTSQ change (DTSQc) was developed to overcome these. 21 The authors recommend using the DTSQ first to anchor the findings, followed the DTSQc to explore how people's satisfactions with perceived hypoglyacaemia and hyperglycaemia have changed. The
DTSQ has been widely used and is recommended by the World Health
Organisation and the International Diabetes Federation as useful in assessing outcomes of diabetes care. 22 On the DTSQ, each of the 8 items are scored on a scale of 0-6 with a higher score indicating greater satisfaction. For the DTSQc, each item is scored on a scale of −3 to +3 with a higher score indicating greater satisfaction.
| Diabetes self-care activities
The summary of diabetes self-care activities measure was used to assess self-care activity. 23 Three of the 8 subscales; general diet, exercise, and blood glucose testing were used in this study. and On how many of the last 7 days did you test your blood sugar the recommended number of times? The derived scores reflect the number of days within a week recommended activity related to diet, exercise, and blood glucose monitoring have been followed. The range is 0-42, with a higher score reflecting greater self-management.
| Data analysis
Statistical analyses were performed using the 
| Results
| Recruitment outcomes and sample description
Over a 12-month period, 303 people responded and following assessment for eligibility; 172 people who met the study criteria were approached. One hundred and fifty seven participants with glycaemic control outside of the recommended range for over 12 months gave informed consent and were randomised to one of 3 groups, education, education plus ACT, or usual care (control). In total, 51 participants were randomised to the education only intervention, 54 to the education plus ACT intervention, and 52 to the control group. A total of 34 participants declined to participate postrandomisation; 14 participants had moved away or were no longer contactable, and 25 participants had changed their minds, mostly related to lack of time.
The differences in baseline characteristics across the 3 randomised groups were not significantly different (Table 1) .
naires. Baseline analysis found no difference between those lost to follow up and those who completed the study. Intention to treat analysis was conducted. Figure 1 outlines the trial profile.
| Effects on glycaemic control
At 6 months, HbA 1c was reduced in both intervention groups (Education group −.21, education plus ACT group −.04) and increased in the control group (+.32). The primary outcome results are presented in Tables 2, 3 .
An ANCOVA using HbA 1c prescores as the covariate found significant differences between the participants' HbA 1c at 6 months (F (2,114) = 3.29, P = .04). Planned contrasts found no statistical difference in HbA 1c at 6 months between the control group and the education plus ACT group (P = .079 [7.61, 8.23 
]). The mean difference in
HbA 1c between the control group and education intervention group at 6 months was statistically significant (P = .011 [7.48, 8.14] ).
Exploring change in HbA 1c by direction (positive, none, or negative)
showed that, proportionally, twice as many participants in the intervention groups demonstrated a reduction in HbA 1c compared to the control group (Table 3) .
A positive change in HbA 1c (HbA 1c reduced) was noted in 50 participants overall (56% education group, 51% education and ACT, and 24% control group).
| Effects on secondary and safety outcomes
The analyses of the secondary measures are presented in Table 4 . No significant differences between the conditions in participants' acceptance of diabetes (AADQ), anxiety and depression, understanding of diabetes, satisfaction with treatment, or satisfaction with blood glucose control. Close to significant between group differences were noted in self-management practices. Self-management activities improved in the education plus ACT group but decreased in the education group to a result reflective of the control group.
Potential adverse events such as episodes of hypoglycaemia were not systematically recorded. Based on episodically reported information, no serious events of hypoglycaemia were recorded in either study group. In the interventions in this study, and especially so in the education plus ACT group, participants were asked to deal with attitudes towards diabetes and self-care, to observe negative feelings and to reflect on values in life. While this could be challenging and result in increased worry and anxiety about life and diabetes, participants
showed stable or improved scores on all psychological variables. Any intervention seeking to reduce HbA 1c levels raises concern around increase of hypoglycaemic episodes. In this study, there was no evidence that participants experienced episodes of hypoglyacaemia and no reports of a medical emergency related to hypoglycaemia, although we did not specifically collect data on blood glucose levels outside of the primary measure of HbA 1c nor did we directly seek feedback on experiences of hypoglycaemia nor of fear of hypoglycaemia.
Both individual and group settings have been used for cognitivebehavioural interventions, with no definitive conclusion as to which setting is more effective. 26 , 27 The literature on educational interventions for diabetes self-management favours the group setting, (eg, the Internet, web-based education, text messaging, email, automatic telephone reminders, and telehealth/telephone education and reinforcement). Although the evidence on the effectiveness of e-health is mixed, it is gathering momentum and has been proven effective in the management of HbA 1c (eg, in other studies 25, 32 ) and offers a time-efficient means of providing ongoing support.
In summary, the nurse-led education intervention is a promising approach in improving outcomes for those with type 2 diabetes and long-term, less than optimal glycaemic control. Further research to explore the value of group sessions over individual interventions, the relative benefits of ACT versus education, the impact of maintenance sessions, and follow-up over a longer time period would enhance understanding of the value and role of interventions to support glycaemic control.
